Summary. Pancreases from normoglycaemic neonates (<15 days), infants (6 months) and adults were examined using immunoperoxidase techniques. Sections taken from five regions of the gland were analysed by morphometry. The volume density of total endocrine tissue was found to be higher than previously reported: 15% in neonates, 6-7% in infants and 2-3% in adults. In neonates, many endocrine cells were located in small clusters, sometimes budding from ducts, and up to 15% were isolated in ducts and acini. Similar clusters were still present, though less frequent, in infants. The relative proportion of all cell types varied only slightly between the different regions, except in the posterior part of the head, which comprised 90% of all PP(polypeptide) cells. With age, the proportion of somatostatin cells decreased (from about 30% in neonates to about 10% in adults), that of insulin cells increased (50 to 70%) and that of glucagon cells remained stable (20%). In the posterior part of the head, the proportion of PP cells tended to be higher in adults than in neonates or infants. This study shows that both the endocrine cell populations and the proportion of endocrine tissue in the pancreas change markedly in early life. It also suggests that "nesidioblastosis" is a normal feature of the pancreas of normoglycaemic neonates and young infants.
The abundance of endocrine tissue in the pancreas of infants has long been recognised [15] . However, knowledge of the relative proportions of the different cell types in the normal infant remains fragmentary [10, 13] . Thus, the limitations of early histochemical techniques made it difficult to distinguish and quantify non-B cells [9, 11, 21, 25] . Furthermore, because of limited availability of normal pancreases, most studies have been carried out on the pancreas of infants born to diabetic mothers [26, 31] or on specimens of pancreas removed at surgery from infants with hypoglycaemia secondary to hyperinsulinism [7, 9, 11, 21] .
In the present study, we have systematically quantitated the different cell types of the endocrine pancreas of normoglycaemic neonates and compared their distribution with that observed in infants and adults.
Material and Methods
Pancreases were obtained, at autopsy, from 6 neonates and 3 infants born to non-diabetic mothers, and from three adults without diabetes or other pancreatic disease. The pancreas was removed within 6 h of death and carefully cleaned from adjacent lymph nodes, fat and vessels. The characteristics of the patients and the weight of the pancreases are given in Table 1 . Slices cut through the head, the isthmus, the corpus and the tail, were fixed for 24 h in Bouin-Allen's solution and embedded in paraffin.
Immunocytochemistry
Sections of 5 ~xm thickness, were mounted on glass slides with aqueous gelatine, dried for 12 h at 60~ and processed by the peroxidase antiperoxidase technique of Sternberger [23, 24] . Guinea-pig anti-insulin serum (Dr. P. H. Wright, Indianapolis), rabbit anti-glucagon serum (K44 Novo Research Institute), rabbit anti-somatostatin serum (Dr. W. Gepts, Brussels) and rabbit antibovine pancreatic polypeptide (anti-bPP) (Dr. R.E. Chance, Indianapolis) were used at dilutions of 1/3000, l/s00, 1/20000, and 1/40000 respectively, on four successive sections from each region.
Rabbit anti-peroxidase bound to horseradish peroxidase (Dr. W. Gepts) was used at a dilution of 1/300. To reveal the peroxidase, the sections were treated with a solution of 0.5 g/1 3,3' diaminobenzidine, supplemented with 400 ~/1 hydrogen peroxide (30% v/v).
In the slice cut through the head, a distinction was made between the posterior and the anterior lobes of the gland [13, 18] . The limits of the posterior lobe, particularly rich in PP-cells, were delineated on sections treated with anti-bPP serum.
A fifth section from each region was stained with hemalumeosin-saffron to evaluate the importance of the mesenchymal component. 
Morphometry
The volume density of the different components was evaluated by the point counting method of Chalkley [4] , using a 42 point lattice. Distinction was made between insular cells and endocrine cells isolated in acinar or ductular tissues. Each section was completely examined at a linear magnification of 350 x, by counting one field out of five, automatically selected by the Eltinor system (Jenoptik, Jena).
The volume density of a given endocrine cell type in the epithelial tissue, was obtained by the ratio of the number of hits on these endocrine cells to the number of hits on other epithelial ceils (thus excluding mesenchymal tissue). Total volume density of endocrine tissue in the epithelial tissue was obtained by summation of volume densities for the four cell types.
The volume density of mesenchymal tissue was also estimated by the technique of point counting. This evaluation made it possible to express the volume density of endocrine tissue in relation to the total pancreatic tissue. It also permitted correction of the weight of the whole pancreas to be made, for the contribution of mesenchymal tissue and thus the weight of epithelial tissue to be obtained. The absolute mass of endocrine tissue was evaluated by multiplying the mean volume density by the mean weight of epithelial tissue.
The adequacy and the precision of our morphometrical techniques were evaluated as follows. In a section stained to reveal B cells, all fields were counted and the results were compared to those obtained with the usual procedure of counting one field out of five. The mean _+ SD of both series proved to be similar.
In addition, the relative error (E) of the estimation of the volume density (Vv) of one cell type was evaluated by a formula given by Weibel [29] :
•/ l-Vv Results are presented as mean _+ SD or mean + range. Differences between means were assessed by the Wilcoxon rank-sum test.
Results

Neonates
In the neonatal pancreas, epithelial components were surrounded by abundant loose connective tissue; the mean volume density of this mesenchymal tissue was as high as 28%. The endocrine cells demonstrated by the immunoperoxidase technique appeared particularly numerous. Most insulin cells were located within the islets in which they constituted a core completely surrounded by a ring of non-B cells (the socalled mantle islets). Many B cells, sometimes associated with other endocrine cells, were also grouped in small clusters, located near ductular structures or amidst acinar cells (Fig. 1A ). Less frequently (Table  2) , isolated B cells were scattered among exocrine cells or in the ductular epithelium. The same pattern of distribution exists in the different regions of the pancreas. As shown in Table 3 , the volume density of B cells varied only slightly between the different regions, except in the posterior part of the head, where it was approximately 45% lower.
Glucagon cells were much less numerous than B cells. In the islets, they were located along capillaries or at the periphery, forming a thin discontinuous ring (Fig. 1B) .
Rarely A cells constituted a crescent zone at one pole of the islets; they were sometimes isolated (Table 2 ) and exceptionally seen in small clusters. The volume density of glucagon cells was about 50% less than that of insulin cells. It was similar in the (Table 3) .
Most somatostatin cells were located within islets, where their topography resembled that of glucagon cells. Sometimes they were enclosed in small clusters (Table 3) , and, again, varied only in the posterior region of the head of the pancreas, where it was lower.
The volume density of PP cells was about 80 times higher in the posterior region of the head, than in the rest of the pancreas (Table 3 ). In the zone rich in PP cells, they formed a large peripheral ring in the islets, or were grouped in small clusters, irregular in shape and most frequently exclusively composed of PP cells. In the rest of the pancreas, the rare PP cells were mainly located at the periphery of islets.
The mean volume density of total endocrine tissue in the neonatal pancreas amounted to 15% of the epithelial tissue, but large differences were observed from case to case (Table 3) . By contrast, there was little individual variation in the relative proportion of the four cell types. Within the same pancreas, the cellular composition of the islets was uniform in all regions, except in the posterior part of the head (Fig. 2) .
Infants
In infants, the weight of the pancreas was increased 2-3 fold compared to neonates, whereas the proportion of connective tissue was decreased ( Table 1) . The topographical appearance of the different cells in the islets was similar to that observed at birth. Isolated cells, however, were less frequent ( Table 2 ). Small dusters of endocrine cells, budding out from ducts or isolated in the acinar tissue, were less numerous but could still be observed. The mean volume density of total endocrine tissue in the infant varied between 5 and 7%, except in the posterior part of the head, where it remained higher ( Table 3 ). The relative proportion of the different cell types in the islets was different from that seen in neonates, at least in the region poor in PP cells (Fig. 2) . The proportion of insulin cells was increased to more than 60%, compared to 42% (p<0.025) and that of somatostatin cells was decreased to 21% compared to 34% (p<0.025).
Adults
In adults, the mesenchymal tissue represented up to 25% of the whole pancreas (Table 1) . However, it differed markedly from that seen in the pancreas of neonates by the presence, except in the posterior lobe of the head [17] , of numerous fat cells. The endocrine cells were located almost exclusively within islets and maintained the same topographical distribution as in the infant. In the posterior part of the head, small irregular clusters of PP cells were still numerous (Fig. 1 H) , but clusters of other endocrine cells were no longer present in the rest of the gland. The proportion of isolated cells was also decreased ( Table 2) .
The mean volume density of endocrine tissue varied between 2 and 4% (Table 3 ). In the posterior part of the head, the relative proportion of PP cells was as high as 70%. In the rest of the gland, the major difference from the pancreas of infants was a further decrease of the proportion of somatostatin cells (9% compared to 21%, p = 0.05).
Total Mass of Endocrine Tissue
The estimation of the weight of endocrine cells in the whole pancreas is given in Table 4 . The pancreas of neonates contained approximately 300 mg of endocrine tissue, including about 120 mg of B cells and 100 mg of D cells. In the infant pancreas, the total mass of endocrine tissue was increased by 40%, primarily because of a doubling of the mass of B cells. A fivefold increase in the total weight of endocrine tissue was estimated for the adult pancreas. The major increase (700%) was provided by the mass of B cells, which amounted to about 1 g. The smallest increase was in the mass of D cells (40%).
Discussion
The present study shows that the mean volume density of endocrine tissue in the human neonatal pancreas amounts to 15% (Table 2 ). This value is twice as high as in the 3 infants of 6 months and 6-7 fold higher than in the 3 adults of this series. These volume densities of endocrine tissue are somewhat higher than the values previously reported in the literature, especially for the pancreas of neonates [2, 3, 9, 11, 21] . The neonates of this series did not suffer from erythroblastosis and were not born to mothers with overt or gestational diabetes, two conditions in which a high proportion of endocrine tissue has been described in the pancreas [5, 6, 14, 25, 26, 27, 30] .
Furthermore, we never observed the abnormalities of the islets, which are classically described in neonates born to diabetic mothers [31] : enlarged islets, pleiomorphic or hyperchromatic nuclei in B cells, infiltrates of eosinophilic leucocytes, or proportion of B cells higher than 60%. Therefore, the differences in proportion of endocrine tissue demonstrated by this and other studies must be accounted for by other factors.
First, contrary to most earlier studies, the present investigation was carried out with an immtmoperoxidase technique. In our experience as well as in that Values are means with the range in parentheses of others [9] this technique detects more endocrine cells than the older, less specific and less sensitive staining methods. Furthermore, the pancreases were studied with antisera against the four principal islet cell types. Second, the point counting method of Chalkley [4] used in this study takes into consideration the small clusters and the isolated endocrine cells, which are disregarded with Cardell's method, commonly employed in other investigations [3, 25] .
Third, in our study, the volume density of endocrine tissue was referred to the epithelial tissue, thus excluding the mesenchymal component, which may represent up to one third of the gland. Such a distinction is only exceptionally mentioned in the literature [10] , but appears important because of variations of this mesenchymal tissue with age, from case to case and between the various regions of the gland.
Fourth, it is of utmost importance to define clearly the age of the patients, since the volume density of the endocrine tissue decreases rapidly during the first six months (Table 2) .
Finally, in our adult controls, the values were also slightly higher than those reported in earlier studies [8, 15, 20, 32] . However, this difference can be accounted for by the inclusion of isolated cells in our calculations. We also referred the proportion of endocrine tissue to the epithelial component of the pancreas excluding the mesenchymal tissue.
In a recent study performed with a similar method, Jaffe et al. [10] have obtained results comparable to those reported here. The slightly lower percentage of endocrine tissue found by these authors is probably due to the inclusion of twomonth old infants, in their group of neonates, whereas our group was limited to neonates of less than two weeks old. The results of these two studies are also in good agreement with the measurement of the insulin content of the human pancreas. Thus, from the data of Suthefland et al. [22] , it can be calculated that the neonatal pancreas contains twice as much insulin per gram of tissue as the pancreas of infants (2-12 months) and ten times more than the adult pancreas.
The relative abundance of endocrine tissue in the pancreas of neonates is partly due to the poor development of the exocrine tissue. Thus, although the volume density of all endocrine cell types diminishes with aging, their total mass in the gland increases, indicating that the endocrine tissue continues to grow. However, this growth is much less marked than that of the whole pancreas (5 times compared to 25 times). If the total mass of endocrine pancreas is expressed in relation to body weight, one obtains, for our limited series, approximative values of 104, 88 and 27 mg/kg in neonates, infants and adults, respectively. The significance of such an abundance of endocrine tissue at birth remains unclear.
From the present study it also appears that the relative proportion of the different cell types is extremely stable within each age group. This contrasts with the evolution of the endocrine cell populations with age and with the great variations in total endocrine tissue between different subjects of the same age group. Variability of the islet cell populations has been mentioned previously by Orci et al. [16] . These observations show that normal blood glucose levels are maintained throughout life by quite different masses of endocrine pancreatic tissue. They also suggest that the relative proportion of different cellular components of the pancreas may be more important than its total mass. The evolution of the endocrine populations (increase in B cell and decrease in D cell proportions) makes it likely, however, that the interplay between the different hormones is not constant through life.
The participation of certain of these hormones in physiological processes unrelated to glucose homeostasis is an attractive, but still poorly documented possibility. The smaller number of B cells in the pancreas of small for date infants [28] points to a role of insulin ~ in the growth of the fetus. As previously suggested [19] somatostatin might also have an impor-tant, and so far unrecognised, function during fetal or early extra-uterine life. The presence of numerous C cells, also containing somatostatin, in the thyroid of the newborn rat [ 1] is in keeping with this suggestion.
Finally, this study also demonstrates that small clusters of endocrine cells are present in the pancreas not only of neonates but also of infants. Thus "nesidioblastosis" may not be specific for the fetus [12, 30] , and is not necessarily a pathognomonic feature of the pancreas of hypoglycaemic infants. Recent studies by Falkmer [7] and Jaffe et al. [10] have reached the same conclusion.
